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The PHENIX Detector

PHENIX Detector
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18.5m= 60 ft

* Philosophy
— high resolution & high-rate at
the cost of acceptance

— trigger for rare events
* Central Arms

— In| <0.35,Ap~m

— Momentum, Energy, PID
* Muon Arms

—12<|n| <24
— Momentum (MuTr)

Muon Piston Calorimeter
—3.1<|n|<3.9



AG
DOUBLE HELICITY A,, RESULTS

Probe Advantage
i Statistics

(| Different fragmentation

70 - t° correlation Kinematic constraint, lower x

charged &t AG sign
heavy flavor decay e Lower X, g-g dominant

MPC cluster Lower x




AG Measurement at PHENIX
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0 [1] RHIC data
Central Arm 7t°, M E70™ Gomoen g 0
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and from gluon interaction : A\ 4 o.1
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Phys. Rev. Lett. 101, 072001(2008)



A, : Central Arm nt°, 1)
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DSSV Interpretation of n° A,

D. De Florian et al.

o = 0.06 -
< - T Progress in Particle and Nuclear
0.04 PH G E.le ] Physics 67 (2012) 251
Preliminary ‘ ‘
0.02 ’ t gluon which fits STAR run-g data
r 4 3 "
ol q.g....;é:,—-f[ i DSSV gluon
T
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-0.005}
* Run-9
-0.06 115 g‘ o)
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O Run5+Run6+Run9 Combined data constrain AG
O Consistent with small A, but still compatible with STAR jet

-> probes somewhat lower values of x
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More Challenging Attempt
J'EO-JT,O correlatlon

s B0 e:_paee0

v Constrains event kinematics further

@ Cost Statistics, need high P4L
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Ot charge asymmetry is

sensitive to sign of Ag(x, Q?) :
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p; range of this analysis covers <x,>~0.1
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AG Extraction from A ffe

g_:o.15_ar).('V:1209'327.8 Submitted to PRD_ 3 B AP p4p\s=200GeV (i <0.35) 5
< | A® p+p\s=200GeV (I |<0.35) ] 0dF = e ¢ 1
0.1  E S S ]

*_ ________________________________________ | of pe
* : L —— IAg/gl=0.00 1
+ ] 005} i HFe .

005 —e— pHFe 5 Iadatedl SEETTEE IAg/gl=0.10 —* A,
I - syst. error from dilution factor ] P IAg/gl=0.20 - syst. error from dilution factor
01k syst. error from rel. lum. and ABC ] 01F 7T ;ggj 8 ;:gi g syst. error from rel. lum. and Aﬁg .
“r LL 1 [ === IAg/gl=0. . . ]
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-0.15" : . ' ' : -0.1 L . s . . ]
4 o . 70 . T 11 1 .
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3
pT [GeV/c]

W This results largely benefited from using 1 Open charm production dominates in
HBD in eliminating photo-conversion and p, range of 0.50 < pT < 1.25 GeV/c

Dalitz decay background.
(J/P <2%, b quark<5%)
L Decay electrons include J/{ , bottom

production and other vector meson as | Ag/g(<logx),u)|* <3 x10 ~2(10)
well as open charm contributions. (0.01~ x ~ 0.08)
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Exploring Lower-x by Forward MPC
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Cluster ALL
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PHENIX Preliminary

Run-2009 pp \s=200 GeV
8.8% Vertical Scale Uncertainty
3.1<n| <3.9

statistics

-

Cluster P, (GeVic)

e Still consistent with zero at lower x
* Systematic error starts to defeat

Good control of relative luminosity
required for better precision
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SEA QUARK POLARIZATION
PRELIMINARY A W FROM RUN11

Probe Rapidity Advantage



sqrt(s)=500 GeV @ RHIC

W+ Production

OHONS T

Parity Violation Asymmetry
Clean flavor separation
w/o fragmentation uncertainty

: Au(x1);l(xz) — Aa()ﬁ)u(xz)
u(xl)g(xz) + C—i(x1)u(x2)

Mi
=t

ZDC North
=

MulD

Au(x,,M;,)
AV =-— W2 x >x >> ()
L I/l(xl,MVZV) 1 2 (yW )
97 2
AV ~A_d(x1’MW) , X, <x, (¥ <<0)




W—e (central), W—pn (forward)
T el am I wuonam

Triggered by energy momentum
momentum Egep in EMCal Tracking in B field
charge Tracking in B field Tracking in B field
pT shape A /T~
Central arm A A
Pr
W—-e

Muon arm F

W—-pu
DL . W->e W->mu
~p *+py/2

(Central) (forward)

W—p is more challenging. o




Runll Central Arm W->e

@ Reducible Backgrounds

-
< L a -

e m, n — 7, or direct photon, followed by | | g
conversions to e* Wz’ Wz I
. [ pS>30GeVic L p}>30GeVic

e Cosmic rays *ly,<0.35 % ly,<0.35

e Beam related backgrounds

@ Irreducible Backgrounds (pass cuts)

L — DSSV
o / et +e” T o3 ~DNS kkp
o Other W decays (W — 7+ v, — e + velrv;) : : ~ GRev val
(Very Sma”) T AT O, Lo bl -'....|....|. Lol bbb
o charm, bottom decays to e* + X (very small) =~ 77" T Ty TEomaR Ty

Run9 PRL106,062001 (2011)

Signal electron :
 High momentum electron

* |solated

Backgrounds could be mitigated

by relative isolation cut 21
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B Positive Charges
"E —+—— EMCal cluster asspciated with track
v (O —— 1 — Jacobian peak (PYTHIA+GEANT) with background fit
E_ c ] Background unceitainty estimation
B \\V/_
= Al
- 8 PH-ENIX
Solh preliminary
= c
— >
- O
- o Runll
4
B O
9%
— (aa)]
Lo o b ceoe b P g
0 10 60 70 80
p$ [GeVic]
- Negative Charges
—+—— EMCal cluster associated with track
— —— Jacobian peak (PYTHIA+GEANT) with background fit
= [[7777] Background uncertainty estimation
— V\/_
_ QAL
PH-<ENIX
- preliminary
=1 | | | Il Il Il ‘ Il Il
0 60

70 80
pf_ [GeVic]

Single Electron
P Spectra

* Power Law Counting
Background Shape Fixed in
10<P;<20 GeV/c

* Jacobian Peak (PYTHIA+GEANT)
+ Power Low Background Fitting

* Resulting Background

contamination 14 ~ 17%.

Backgroun,q

Signal
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Central Arm A

Run9 Phys. Rev. Lett. 106, 062001 (2011)

o f Wz }
98- o PHENIX Run 2009 T T
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[ e PHENIX Run 2011 ¥
0.4 oI
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] [ Te===-="
o:—.ﬂ e
e T
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0.4F W*sZ° : I — DSSV
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0.6 P2 >30 GeV/c I - preliminary DNS min
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-0.8F F _
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M Consistent With Run9 Results

y

e

y

e

M Consistent with Global Analyses Predictions within 20
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10°

R i onium

10

bb -

10% 2

Kz/n:

Z/v* |

|

-
=

-

o
~

70 80 90 100
Reconstructed pT (GeV/c)

Absorber Absorber

Signal: high pT single muon W—qq|W—rt

Backgrounds:
- Heavy flavor, onium (true muon, irreducible)
- “Fake high pT” caused by decayed hadrons

Tight cuts are applied for “consistency of true high pT muon”.

- small multiple scattering : MuTr/MulD/RPC matching
- vertex requirement : Track/vertex(BBC) matching
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Single Muon P Spectra
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IR A S M W/Z cross section employed
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The First Forward A W Results

1.5
1.0
0.5}
0.0f
-0.5

W*+Z—>u* in P+p collisions at 500 GeV (2011)
Polarization scale uncertainty: 5.9 %

- A

— DNS min
— DSSV

— DNS max
— GRSVstd
— GRSV val

-1.0

1.5}
1.0

-1.0

RHICBOS (W+Z): 0xBR=131 pb assumed for background
.....................
2 1 0 1 2
1flw
---------------------
- W+Z—u ~—
Polarization scale uncertainty: 5.9 % PH- <ENIX
preliminary

Sampled cross-section: 25 pb‘I per arm
RHICBOS (W+Z): oxBR=41 pb assumed for background

2 1 0 I 2

- /s = 500 GeV
- Luminosity: ~25 pb-1
- Pol. : ~50%

First Forward W
Asymmetry Results!

More to come! @

25 50

Luminosity ‘
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Integrated polarized proton luminosity L [pb!]
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Improving Performance of RHIC
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Further Sea Quark Measurement w/ DY

E16L I S/B contributions
DY _ {Aq(rl) q(r9) + Ag(x1)Aq(xg)} gw'i w/o vertex detector
t € {(1<I1) 1(x2) + q(x1)g(2 2)} Vi \‘*- Drell Yan
q q 10’;‘ E N l \ High-mass DY
o Y-stat

N Au (5131) Al <$2) 10 ? é :\ ‘ states
T Jufy) | ala) 0El = % b@e o ¢
L % %)

S T S S T I TR

Invariant mass (GeV)

® HERMES 2005

m (F)VTX Projection (90 pb™, |z|<15 cm)
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Summary

VI Presented latest AG and Aq measurements from PHENIX

VI High statistics @t® provides strict limit on present
knowledge of AG

V] Different probes constrain AG from various angles (purity,
sign, low-x, etc...)

M First measurement of forward W A,. Improving our
knowledge on Aq in conjunction with W->e data.

M Higher statistics and smaller systematic in future
measurements
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X DeltaG
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Global Fit including Run9 t° A |

By S.Taneja et al (DIS2011)

ala DSSV with slightly different uncertainty evaluation approach

DSV DSSV+Rund

Uncertainty band E=23 I : Uncertainty bandE==a I
Best Fit DG=0.0l=—]| : Best Fit DG=0,08=——|

0.1

Dchi? =1 DG=0. 1= : Dchi2 =1 DG=0.20——|
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FIG. 4 (color online). The fractional contribution of gluon-
gluon (gg), quark-gluon (gg), and quark-quark (gg) scattering
to the 1 production in the pQCD calculation of Fig. 3, and to the
w production [24], as a function of pr.
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FIG. 6. The double-helicity asymmetry for midrapidity inclu-
sive 1 production from the combined 2005 and 2006 data at
/5 = 200 GeV as a function of p;. The gray boxes are point-to-
point systematic uncertainties due to polarization and relative
luminosity uncertainties and are correlated point-to-point, mov-
ing all points in the same direction but not by the same factor. An
additional systematic uncertainty of 4.8% on the vertical scale
due to the uncertainty in the beam polarizations is not shown.
The results are compared to NLO pQCD calculations using two
different sets of polarized PDFs [6,32]. See text for details.
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HBD AnaIyS|s for Heavy Flavor Decay e
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HBD Signal Occupancy
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AG Extraction from A e
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Open charm production dominates in p; = Ay %" charm ~| Ag/g(x, w)|?

range of 0.50 < pT < 1.25 GeV/c (J/Y
<2%, b quark<5%)

pQCD prediction for A  °Pe" cha™ obtained

from CTEQ6M PDFs + PYTHYA + LO hard

scattering cross section

2 |Ag(x, u)| =Cglx, p)is
assumed

- Results:

| Ag/g(<logxy,u) |* <3.3 x10 ~*(10)
and 10.9 x10 ~2(30)
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